Simple mucin-type catbohydrate antigens Tn, sialaql-Tn and T are often markets of neoplastic transformation and have very limited expression in normal tissues. We performed an immunohistological study of simple mucin-type carbohydrate antigens, including H and A variants, with well-defined monoclonal antibodies (MAb) on frozen and paraffinembedded normal salivary gland tissue from 22 parotid, 14 submandibular, six sublingual, and 13 labial glands to elucidate the simple mucin-type glycosylation pattem in relation to cyto-and histodifferentiation. The investigated carbohydrate structures were predominantly observed in the cell cytoplasm, most often in the supranuclear area, suggesting localization to the Golgi region, whereas ductal contents were unstained. Mucous acinar cells expressed Tn, sialosyl-Tn, and H and A antigens, regardless of glandular location. Serous acinar cells, on the other hand, expressed A, H, and inconstantly sialosyl-T, Tn, and sialosyl-Tn antigens in major salivary glands, whereas serous cells of minor (labial) salivary glands expressed H exclusively, Tn and sialosyl-T antigens inconstantly, but never sialaqlslh and A antigens. The e r -Supported by grants from the Martha Margrethe og Christian Hermansens Legat, Hestehandler af Urine M Jensen og Husuus Mindelegat, Direktgr Jakob Madsen og Hustru Olga's Mindelegat, Statens Sundhedsvidenskabelige Forskningsfid, Lundbeck Fonden. ence may be related to a more simple cytodifferentiation of serous cells of minor (labial) salivary glands as compared with major salivary glands. Duct cells in major salivary glands expressed A, H, and inconstantly T, sialosyl-T, and Tn antigens, whereas minor (labial) salivary glands ducts exclusively expressed H, T and sialosy1-T antigens, differences that may be related to dissimilarities in the duct system. Myoepithelial cells and basal cells exclusively expressed T and sialosyl-T antigens, which may prove useful in studies of salivary gland tumors, since these cells are known to play a key role in the histological characteristics of some salivary gland tumors. The results indicate a similar glycosylation pattern in the different major salivary glands, whereas minor (labial) salivary gland differ slightly in serous and duct cells. The limited and exclusive intracellular expression of the immature Tn, be of d u e as markers of salivary gland tumors. (JHistochem Cytochem 42:1251-1259, 19-94) KEY WORDS: Carbohydrate antigens; Mucins; Salivary glands; Immunohistology; Monoclonal antibodies.
Introduction
The histological differential diagnosis and prognostic evaluation of salivary gland tumors are often difficult to assess owing to the heterogeneity and the rarity of this tumor group (43). Moreover, the tumors arise in different salivary glands with different morphology, which makes the picture more complicated. It is desirable to find markers for the use of classifying salivary gland tumors in defined prognostic groups. Simple mucin-type carbohydrate antigens, T, Tn, and sialosylTn are of value in predicting prognosis 46,47). The biosynthesis of these structures is well known (41,42) and studies with various lectins and monoclonal antibodies (MAb) have previously revealed considerable variation in the expression of carbohydrate antigens in the different cell types of salivary glands (13,24,30,34-37,39,50,51). However, knowledge ofthe simple mucintype glycosylation pattem in major salivary glands with MAb is lacking. Such studies are necessary for evaluation of changes in simple mucin-type carbohydrate structures in salivary gland tumors. The present study therefore aimed to elucidate the distribution of simple mucin-type carbohydrate antigens in different cell types of all salivary glands.
Materials and Methods
Parotid, submandibular, and minor salivary glands from the upper lip were collected from 10 human autopsy cases. It was not possible to obtain speci- mens from all glands in every case. Surgical specimens from seven submandibular glands removed at surgery for oral carcinomas or sialoadenitis, 12 superficial lobes from the parotid gland removed for pleomorphic adenoma, and six sublingual glands were investigated. For comparison with our previously published material (36) . six 4-mm punch biopsies of the upper lip, including oral mucosa and labial salivary glands, were included. As mucintype carbohydrate antigens are blood group system-related, AB0 blood group status was obtained by routine procedures ('Gble 1). Secretor status was not available except for six punch biopsies, which were all from secretors.
Tissue blocks from all the subjects had been fured in 10% buffered neutral formalin at room temperature (RT) overnight and embedded in paraffin by routine histological procedures. In addition, frozen tissue was available from the material obtained by surgery. These specimens were quick-frozen in liquid isopentane pre-cooled on dry ice and stored at -8O'C.
Antibodies. Mouse MAb with well-defiied specificity for simple-mucin type carbohydrate structures 0-linked through the hydroxyl group of serine and threonine of proteins were used. (The MAb 1E3, TKH2, HH8 One of the anti% MAb (E3) used in this study showed slightly more reactivity with tissue specimens from blood group A individuals, suggestive of some crossreactivity. Blood group A individuals were therefore excluded when this MAb was evaluated.
The antibodies, their isotype, and reference or source of procedures for their generation, isolation, and specificity are shown in Tiable 2. All antibodies were hybridoma culture supematants containing approximately 10-30 pg IgGlml except for MBrl, which was available as ascites fluid and used at a dilution of 1:300.
Immunohistology. Four-pm thick sections were cut from paraffin or frozen tissue blocks. Paraffin sections were deparaffinited and rehydrated according to routine procedures, whereas frozen sections were dried for 2 hr and fmed in acetone for 10 min at RT. All sections were mounted on gelatin-coated slides and stained by an indirect immunoalkaline phosphatase technique. Sections were incubated in a moist chamber with MAb overnight at 4'C after pre-incubation for 20 min with normal rabbit serum (diluted 1:5) (Dako code X902; Glostrup, Denmark) at RT. Sections were then washed twice in Tiis-buffered saline, pH 7.6 (TBS), followed by incubation with rabbit anti-mouse-conjugated alkaline phosphatase immunoglobulin (diluted 1:50) (Dako code D314) for 30 min. Sections were again washed for J min with TBS, pH 7.6, and incubated with a freshly prepared solution of M i n e phosphatase substrate [2.4 mg levamitole (Sigma L9756;
St Louis, MO), 2 mg naphthol AS-MX phosphate (Sigma N4875). and 10 mg Fast Red TR salt (Sigma F1500) in 10 ml 0.1 M Tris buffer. pH 8.21
for 30 min, washed in distilled water, and finally counterstained with hematoxylin and mounted with Glycergel (Dako). Additional paraffin sections of tissue were stained with MAb HH8 after pre-incubation for 2.5 hr at 37'Cwith neuraminidase from Chstridiumperjiingens type X (Sigma), 0.1 U/ml in a 0.1 M acetate and 0.04 M CaC12 buffer, pH 5.5 (frozen sections were pre-incubated for 30 min). This treatment was performed to determine possible masking of antigen with sialic acid. For control of the staining reaction the primary antibody was replaced by (a) TBS, (b) MAb of other specificities but with the same immunoglobulin isotype as the test antibody, or (c) supernatant from the myeloma cell line Sp2 used for hybridization for generation of the antibodies. Positive controls consisted of a colon adenocarcinoma positive for Tn and sialosyl-Tn antigens. Labial mucosa adjacent to labial salivary glands from a blood group A person functioned as positive control for H and A antigens, and erythrocytes functioned as internal positive control for T antigen after pre-treatment of the sections with neuraminidase.
Evaluation. The staining reaction was evaluated qualitatively as present or absent in the Golgi (supranuclear) region, in the entire cytoplasm, or on luminal membranes. 
Results

Histology
Histologically, all specimens investigated showed normal salivary gland tissues, as previously described (49) . In short, the histology of the different salivary glands varies due to differences in cell composition. Serous acinar cells form serous acini in parotid, submandibular, and sublingual glands, whereas serous demilunes are seen only in submandibular, sublingual, and minor (labial) salivary glands. The duct system is also developed to a different degree in different salivary glands (49) .
Antibody Staining Pattern
The staining of salivary glands from the autopsy material showed no differences compared with salivary glands from the surgical material.
A distinct staining pattern with each of the MAb was observed in the different cell types of the different salivary glands, although staining intensity and number of stained cells of a particular cell type varied somewhat within glands and among glands from different individuals. Mucous acinar cells were stained with the same MAb irrespective of glandular location, whereas minor differences in staining pattem were found between serous acinar cells and duct cells in major salivary glands compared with serious acinar cells and duct cells in labial salivary glands.
The staining reaction with the miscellaneous MAb in the differ-ent cell types of the different salivary glands was independent of blood group, with the exception of the MAb to mucin-type A antigen, which exclusively stained tissues from blood group A patients. Not all blood group A specimens were stained, and this may be related to the secretor status of the patients. Secretor status was, however, unknown in most specimens. The MAb to mucin-type H (HH14 and MBrl) and T (HH8) antigens stained more frozen sections and more cells in the individual frozen sections than paraffin sections, and the anti-H MAb MBrl stained stronger than HH14. Only minor differences in staining intensity were observed between frozen and paraffin sections with the MAb to sialosyl-TnlTn and mucin-type A antigen. The two MAb to sialosyl-Tn stained similarly. However, HB-STnl stained more cells in the individual specimens and more specimens than TKH2. The staining reactions of the different MAbs in salivary glands are summarized in liable 3 and illustrated in Figures 1-9 . The negative control reactions were all negative, whereas the positive control reactions were all positive.
Pamtid Gland
Serous Acinar Cells. Serous acinar cells expressed all investigated simple mucin-type carbohydrate structures except for T antigen.
Tn antigen was expressed in single acinar cells in most tissue specimens as a weak granular staining, sometimes accentuated in the supranuclear area, suggesting localization to the Golgi region in most blood group A specimens. Sialosyl-Tn showed the same THERKILDSEN, MANDEL, THORN, CHRISTENSEN, DABEISTEEN subcellular distribution as Tn antigen but only a few specimens were stained. T antigen was not detected, but pre-treatment with neuraminidase produce weak granular staining of the entire cytoplasm in some acinar cells in a few specimens, indicating the presence of sialosyl-T antigen. Mucin-type H antigen was expressed homogeneously in the entire cytoplasm of the cells in all tissue sections (Figure l) , whereas mucin-type A antigen was seen as a granular staining in the supranuclear area, suggesting localization to the Golgi region in most blood group A specimens (Figure 2a ).
Duct Cells (Intercalated, Striated, and Excretory). The glycosylation pattem in all duct type cells was almost identical. The different duct type cells are therefore considered as a whole.
Tn antigen had limited expression in the different types of duct cells and only a few cells in a few specimens were stained either in the supranuclear area, suggesting localization to the Golgi region, or in the entire cytoplasm, with weak granular staining. Sialosyl-Tn antigen was never present. T antigen was seen as a weak granular staining of the cytoplasm of some striated and excretory duct cells in a few specimens, and pre-treatment with neuraminidase did not change this pattern. Intercalated duct cells were never stained.
Mucin-type A and H antigens were expressed homogeneously in the cytoplasm in frozen sections, whereas the staining was concentrated in the apical supranuclear part of the cytoplasm and luminal membrane in the paraffin-embedded sections (Figures 1  and 2b) .
Ductal contents did not stain with any of the MAb investigated.
Myoepithelial Cells and Basal Cells. Myoepithelial cells and basal cells expressed an identical glycosylation pattern.
Whereas no expression, of Tn, sialosyl-Tn, H and A simple, mucin-type carbohydrate antigens were detected, the MAb to T antigen (HH8) labeled the myoepithelial cells around acini and intercalated ducts in all frozen tissue sections examined, whether or not the sections had been pre-treated with neuraminidase ( Figures  3a and 3b ). Furthermore, using HH8 (with or without pre-treatment with neuraminidase), either the entire or at least a greater portion of the circumference of both striated and excretory ducts of major salivary glands displayed basal cells (Figures 3a-3c ).
Submandibular Gland
Serous Acinar Cells. Serous acinar cells of the submandibular gland stained similarly to serous acinar cells of the parotid gland (Figures 4-6) . The only difference observed was that more specimens expressed sialosyl-Tn. However, the staining was still limited to the cytoplasm.
Mucous Ainar Cells. Mucous acinar cells expressed Tn, sialosyl-
Tn, H and A antigens in the basal supranuclear area, suggesting localization to the Golgi region (Figures 4-6) . Mucin-type A antigen was exclusively seen in blood group A individuals, whereas staining for Tn, sialosyl-Tn, and H antigens was independent of blood group. Staining for T and sialosyl-T antigens was not observed.
Duct Cells (Intercalated, Striated, and Excretory), Myoepithelial Cells, and Basal Cells. The staining pattern was similar to the parotid gland (Figures 4-6 ).
Sublingual Gland
Serous Acinar Cells, Mucous Acinar Cells, Duct Cells, Myoepithelial Cells, and Basal Cells. The staining pattern of the different cell types was identical to the staining pattem in the submandibular gland except in serous acinar cells, which expressed A antigen in only half of the investigated blood group A specimens, whereas mucous cells and duct cells expressed A antigen in all blood group A specimens (Figures 7-9 ).
Minor (Labid) Saliuary Glands
The staining pattern was identical to previously published results (36), except for serous acinar cells, which in the present study expressed Tn in a few specimens. Serous Acinar Cells. Serous acinar cells expressed Tn, sialosyl-T, and H antigens with a staining pattern similar to serous acinar cells of major salivary glands. No expression of sialosyl-Tn and A antigens was observed.
Mucous Acinar Cells. Mucous acinar cells expressed Tn, sialosyl-Tn, H, and A antigens in the basal nuclear area, similarly to mucous acinar cells in the submandibular and sublingual glands.
Duct Cells (Intercalated and Excretory). No expression of Tn, sialosyl-Tn, and A antigens was observed, whereas T, sialosyl-T, and H antigens were expressed homogeneously in the cytoplasm of all duct type cells in all specimens.
Myoepithelial Cells and Basal Cells. Myoepithelial cells expressed T and sialosyl-T antigens, similarly to myoepithelial cells in major salivary glands. Basal cells surrounding excretory ducts were not stained, but the expression of T and sialosyl-T antigens in the excretory duct cells made evaluation of basal cells difficult.
Discussion
We have investigated simple mucin-type glycosylation in major (parotid, submandibular, and sublingual) salivary glands and compared them to minor (labial) salivary glands (36) using a panel of well-defined MAb. The interest in simple mucin-type carbohydrate antigens is due to the rather general cancer-associated expression of the most immature structures, Tn, sialosylrlh, and T, as found in many studies (22,23,28,29,31,32,40,46,47) , whereas very limited amounts are found in normal tissues and secretions, including saliva (8, 44) . Moreover, these structures are not subject to genetic variability as are other blood group-related carbohydrate antigens [i.e., complex mucin-type ABH(0) carbohydrate structures]. They may therefore be of value in studying salivary gland tumors, as some studies have indicated (3-5,7.25,44) .
Studies with lectins have revealed major differences between serous acinar cells of major salivary glands as compared with serous cells of minor (labial) salivary glands (33; and Thom, personal communication), whereas mucous acinar cells have been found remarkably but not completely similar from one type of salivary gland to another (34). There has also been a question in the literature as to whether serous cells express A antigen (34, 36, 39, 51) .
Our study showed that the simple mucin-type glycosylation pat-tern in general was related to cell type, independent of glandular location. Mucous acinar cells expressed an identical glycosylation pattem, irrespective of glandular location. Differences, primarily between serous acinar cells and duct cells of major and minor (labial) salivary glands, were observed. Serous acinar cells in the different major salivary glands expressed an almost identical mucin-type glycosylation pattem, apart from a more constant expression of the immature sialosyl-Tn antigen in the submandibular gland and sublingual glands, as compared with the parotid gland. However, distinct differences between serous acinar cells of major and minor (labial) salivary glands were noted. Mucintype A antigen had a patchy expression in the supranuclear area of serous cells of major salivary glands, whereas it was never observed in serous acinar cells of minor (labial) salivary glands (36). It has been questioned whether the serous cells of minor (labial) salivary glands are serous cells (19, 26, 44) , or rather represent mucous cells in a maturation cycle (39, 48, 51, 52) , or are a class of secretory cells whose exact nature is questionable (49) . If one considers serous cells as being mucous cells in the maturation cycle, the lack of mucin-type A antigen may reflect a less mature cytodifferentiation.
Our findings that simple mucin-type H and A antigens were predominantly localized to the supranuclear area and are therefore probably Golgi related in acinar cells is in contrast to the complex mucin-type antigens (Type 1 and 2 chains), which have been found in the entire cytoplasm (i.e. secretory vesicles) (13, 24, 30, 35) . The immunohistologic location of the simple mucin-type antigens is in agreement with the absence of these structures in saliva (8).
In duct cells the expression of simple mucin-type carbohydrate antigens differed between minor (labial) and major salivary glands, whereas the expression among the different major salivary glands was identical. This may reflect the histological differences in the duct systems of minor (labial) and major salivary glands (49) . The cytolocation of the investigated carbohydrate structures in the ductal cells differed in minor (labial) and major salivary glands, i.e., the structures were restricted to the cytoplasm in minor (labial) salivary glands (36). whereas in major salivary glands H and A antigens were also expressed at the luminal membrane in different types of duct cells. However, simple mucin-type carbohydrate structures were never found in ductal contents, in agreement with the absence of these structures in saliva (8).
According to current theories both myoepithelial cells and basal cells are critical issues for the histo-and morphogenesis of salivary gland tumors (1, 2, 17) . It has been debated in the literature whether the basal cells surrounding striated and excretory ducts are identical to myoepithelial cells, which until recently were thought to be confined to acini and intercalated ducts. We found that T and sialosyl-T antigens were markers of myoepithelial cells surrounding acini and intercalated cuts, in agreement with previous findings of minor (labial) salivary glands (36). The basal cells surrounding striated and excretory ducts, however, also expressed T and sialosyl-T antigens, an observation which, to our knowledge, has never been described using MAb. However, in a previous study PNA (peanut agglutinin), a lectin marker of T antigen, was found in basal cells but not described in myoepithelial cells (3). One of the main criteria for the identification of myoepithelial cells has been their greater than normal content of actin, and with MAb to a-smooth muscle actin recent immunohistological studies have shown that some of the basal cells around striated ducts but not around excretory ducts contained actin, indicating that myoepithelial cells may extend to striated ducts (15,21), a finding that is further supported by recent ultrastructural studies indicating that basal cells are a mixed population of which at least a portion are myoepithelial cells (16). Investigations of different cytokeratins have shown that myoepithelial cells and basal cells are identical in their expression of cytokeratin 14, whereas they differ with regard to other cytokeratins (14, 15, 18, 20, 21) . We now show that myoepithelial cells and basal cells are identical in their expression of T and sialosyl-T carbohydrate antigens. T antigen may therefore be of interest in the study of myoepithelial cellslbasal cells in salivary gland tumors, although one must consider that aberrant expression of carbohydrate antigens is a general feature of neoplasms. We are currently comparing the expression of T antigen with other known markers of myoepithelial cells and basal cells in salivary glands and their tumors. Another interesting feature is that T antigen was further glycosylated to H and A antigens in duct cells, in contrast to basal cells, which exclusively expressed T and sialosyl-T antigens. Basal cells are regarded as progenitor cells of duct cells, and our findings support a transition from the former to the latter cell type.
In conclusion, our study has shown that the different cell types in general have identical mucin-type glycosylation patterns, despite glandular location, with a limited, and exclusively intracellular, expression of the most immature sialosyl-Tn, Tn, and T carbohydrate antigens. These structures may therefore be of value as markers of salivary gland tumors. 
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